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VXUIDFHFRQGLWLRQ ,W LVNQRZQ WKDWPDFKLQLQJ,QFRQHO LV
SURQHWRUHVXOWLQUHVLGXDOVWUHVVHVRQWKHPDFKLQHGVXUIDFHDQG
WKH VXEVXUIDFH ZKLFK LV RQH RI WKH PRVW LPSRUWDQW IDFWRUV









FDQ EH LQGXFHG E\ SKDVH WUDQVIRUPDWLRQV GHSHQGLQJ RQ WKH
UHODWLYH YROXPH FKDQJHV DQG WKH DFFRPSDQ\LQJ SODVWLF
GHIRUPDWLRQV>@7KHFRPSUHVVLYHUHVLGXDOVWUHVVHVFRQWULEXWH
WR LPSURYH WKH IDWLJXH OLIH FUHHS OLIH DQG FUDFN SURSDJDWLRQ
UHVLVWDQFH EXWWKH WHQVLOH UHVLGXDO VWUHVVHVKDYH QHJDWLYH
FRQVHTXHQFHV RQ IDWLJXH OLIH KLJK WHQVLOH VWUHVVHV FDQ EH




7KH UHVHDUFK RI UHVLGXDO VWUHVVHV KDV DWWUDFWHG D ORW RI
DWWHQWLRQV LQ UHFHQW \HDUV %XVKO\D HW DO >@ UHSRUWHG WKDW
DSSOLFDWLRQ RI FRDWHG 3&%1 WRROV DV FRPSDUHG WR XQFRDWHG
RQHVUHVLGXDOVWUHVVHVKDGVKRZQDWHQGHQF\RIWUDQVLWLRQIURP
FRPSUHVVLYHWRWHQVLOHZKHQPDFKLQLQJ,QFRQHOZLWKKLJK
VSHHG RI  PPLQ 6KDUPDQ HW DO > @ VKRZHG WKDW
PDFKLQLQJ,QFRQHOZLWKIHHGUDWHRIPPUHYUHVXOWHG
LQWHQVLOHVXUIDFHUHVLGXDOVWUHVVHVORZHUWKDQPDFKLQLQJZLWK
IHHG UDWH RI  PPUHY 7KH\ DOVR REVHUYHG WKDW WKH
LQFUHDVLQJRI WRROQRVH UDGLXV IURP WRPPUHVXOWV LQ WKH
LQFUHDVH RI WHQVLOH UHVLGXDO VWUHVVHV 6DVDKDUD HW DO >@
SURSRVHG D ILQLWH HOHPHQW PRGHO WR SUHGLFW UHVLGXDO VXUIDFH
VWUHVVHV 7KH\ UHSRUWHG WKDW UHVLGXDO VWUHVVHV ZKLFK ZHUH
SHUSHQGLFXODU WR WKH FXWWLQJ GLUHFWLRQ EHFDPH FRPSUHVVLYH
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LQFUHDVH RI QRVH UDGLXV LQGXFHG D KLJKHU GLIIHUHQFH EHWZHHQ
VXUIDFH WHQVLOH VWUHVVHV DQG VXEVXUIDFH FRPSUHVVLYH SHDN
VWUHVVHVZKLFKLVDWWULEXWHGWRDQLQFUHDVHRIWKHWKHUPDOORDGV





RI ,QFRQHO  KDV EHHQ FDUULHG RXW H[WHQVLYHO\ EXW D
FRPSUHKHQVLYH VWXG\ DERXW WKH HIIHFWVRI FRDWHGPDWHULDOVˈ
QRVHUDGLLDQGFXWWLQJSDUDPHWHUVRQILQLVKWXUQLQJSURFHVVLV
LQVXIILFLHQW 7KLV SDSHU SUHVHQWV D VWXG\ RQ UHODWLRQVKLS
EHWZHHQWKHUHVLGXDOVWUHVVHVDQGFXWWLQJFRQGLWLRQV,WVKRZV
WKDW WXUQLQJ E\ 39' FRDWHG WRRO FDQ SURGXFH KLJKHU
FRPSUHVVLYHUHVLGXDOVWUHVVHVRUORZHUWHQVLOHUHVLGXDOVWUHVVHV
DQG WRRO ZLWK VPDOOHU QRVH UDGLXV SURGXFHV ORZHU UHVLGXDO
VWUHVVHV WKDQ WRRO ZLWK ODUJHU QRVH UDGLXV 7R H[SODLQ WKH






&1& ODWKH 7KH ZRUNSLHFHV XVHG LQ WKH H[SHULPHQW DUH LQ
VROXWLRQWUHDWHGDQGDJHKDUGHQHGFRQGLWLRQZLWKDKDUGQHVVRI
+5&$QXQFRDWHGWRRODQGWZR39'FRDWHGFDUELGHLQVHUWV
.(11$0(7$/ ZLWK ,62 GHVLJQDWLRQ &1**))
.8 12 &1**)6 .&8 39' DQG
&1**)6.&839'DUHXVHGIRUWKHPDFKLQLQJ
WULDOV )RXU OHYHOV RI SURFHVV SDUDPHWHUV ZKLFK DUH OLVWHG LQ
7DEOHDUHFKRVHQWRFRYHUDVXIILFLHQWZLGHUDQJHFRQVLGHULQJ
WKH ILQLVK WXUQLQJ SURFHVV $ / RUWKRJRQDO DUUD\ LQ
7DJXFKLPHWKRGLVFRQVLGHUHGIRUSHUIRUPLQJPDFKLQLQJWHVWV
'XULQJ WXUQLQJ SURFHVV WKH RUWKRJRQDO FXWWLQJ IRUFHV DUH
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)LJ7KHWHVWRIWXUQLQJDQGVFKHPDWLFGLDJUDP
7KH UHVLGXDO VWUHVVHV PHDVXUHPHQW L;5'  LV XVHG WR
PHDVXUH UHVLGXDO VXUIDFH VWUHVVHV LQ WKH D[LDO ; ıx DQG
FLUFXPIHUHQWLDO<ıy7KHVWDQGDUGL]HGSDUDPHWHUVXVHGLQWKH
;UD\DQDO\VLV DUHJLYHQ LQ7DEOH7RDYRLG WKHDFFLGHQWDO
HUURU UHVLGXDO VWUHVVHV LQ HYHU\ GLUHFWLRQ DUH PHDVXUHG IRXU
WLPHV DW GLIIHUHQWPHDVXULQJ SRLQWV DQG WKH XOWLPDWH DYHUDJH
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3.1. Effects of residual stresses due to coated materials 
7KHDYHUDJHYDOXHVRIıx DQGıyJHQHUDWHGZLWK12DQG
39'DFFRUGLQJWRFXWWLQJVSHHGIHHGUDWHDQGGHSWKRIFXW
DUH JLYHQ LQ )LJ  DQG )LJ  UHVSHFWLYHO\ 1RWHG WKDW WKH
UHVLGXDOVWUHVVHVKDYHWKHVDPHFKDQJHWUHQGLQWZRGLUHFWLRQV
DQGWKHYDOXHRIıxLVORZHUWKDQıy7KHUHVLGXDOVWUHVVHVYDOXHV
DUH WKH ORZHVW ZLWK WKH FRPSDULVRQ RI 12 DQG 39'






VR ORZHU UHVLGXDO VXUIDFH VWUHVVHV DUH JHQHUDWHG :LWK
LQFUHDVLQJFXWWLQJVSHHG WKHPRUHFXWWLQJKHDW WUDQVIHUV LQWR
ZRUNSLHFHZKLFKOHDGWRFRQVSLFXRXVHIIHFWRIWKHUPDOORDGV
WKHUHIRUHKLJKHU VWUHVVHVDUHREVHUYHG$W WKH VDPH WLPH WKH
YDOXHVRIıx DQGıyLQFUHDVHFRQVWDQWO\ZLWKKLJKHUIHHGUDWHV,W
FDQEHDFRQVHTXHQFHRIWKHIUHTXHQWFRQWDFWVEHWZHHQWRRODQG










,W LV DSSHDUHG WKDW FRDWHG PDWHULDOV KDYH D GLIIHUHQFH
LQIOXHQFHRQWKHVXUIDFHUHVLGXDOVWUHVVHV7KHUHVLGXDOVWUHVVHV
FDXVHG E\ 12 DFFRUGLQJ WR WKH FXWWLQJ SDUDPHWHUV DUH
KLJKHU FRPSDUHG WR UHVLGXDO VWUHVVHV LQGXFHG E\ 39'
HVSHFLDOO\ IRU WKH UHVLGXDO D[LDO VXUIDFH VWUHVVHV 6RPH
FRPSUHVVLYH UHVLGXDO D[LDO VXUIDFH VWUHVVHV DUH JHQHUDWHG E\
39' DOO WKH UHVLGXDO VWUHVVHV JHQHUDWHG E\ 12 DUH
WHQVLOHDQGWKHORZHVWYDOXHLV03D,W LVVWDWHGWKDW39'
FRDWHGWRROVZLOOEHDEHWWHUFKRLFHLQILQLVKWXUQLQJRI,QFRQHO
 IRU LQGXFLQJ ORZHU WHQVLOH UHVLGXDO VWUHVVHV RU KLJKHU
FRPSUHVVLYHUHVLGXDOVWUHVVHV
$ ' ILQLWH HOHPHQWPRGHO LV HVWDEOLVKHG E\7KLUG:DYH
$GYDQW(GJH VRIWZDUH WR H[SODLQ WKH GLIIHUHQFH LQ UHVLGXDO
VWUHVVHV EHWZHHQ GLIIHUHQW FRDWHG WRROV )LJ  VKRZV WKH
VLPXODWLRQRIRUWKRJRQDO WXUQLQJSURFHVVZLWKXQFRDWHG WRRO
7KH VLPXODWLRQ RI FXWWLQJ IRUFH WHPSHUDWXUH DQG UHVLGXDO
VWUHVVHV JHQHUDWHG E\ GLIIHUHQW FRDWHG WRROV  PPLQ
PPUHYPPDUHFRPSDUHGLQ7DEOH,QFRQVLGHUDWLRQRI
FXWWLQJIRUFHDQGWHPSHUDWXUHDUHWKHH[WHUQDOPDQLIHVWDWLRQVRI




EXW WKH VXUIDFH VXIIHU WKH KHDWLQJ H[SDQVLRQ IRU FXWWLQJ
WHPSHUDWXUH ZKLFK JHQHUDWHV WHQVLOH UHVLGXDO VWUHVVHV 7KH
FXWWLQJIRUFHRI12LVORZHUWKDQWKHFXWWLQJIRUFHRI
39' DQG WHPSHUDWXUH RI FXWWLQJ ]RQH SHUIRUPV D OLWWOH
FKDQJHLQ7DEOH$OLWWOHKLJKHUWHPSHUDWXUHDQGPXFKORZHU
FXWWLQJIRUFHZKLFKLVUHDVRQDEOHWRUHVXOW LQKLJKHUUHVLGXDO
VWUHVVHV ZLWK 12 7KLV UHVXOWV VKRZ WKDW WKH VLPXODWLYH
UHVXOWV DUH FORVH WR WKH H[SHULPHQWDO UHVXOWV 6LQFH WKH














12   
39'   
3.2. Effects of residual stresses due to nose radius 
)LJ  DQG )LJ  VKRZ WKDW WKH UHVLGXDO VXUIDFH VWUHVVHV





WRROV LQFUHDVHZLWK LQFUHDVLQJ IHHG UDWH $ VPDOOHU IHHG UDWH
LQGXFHV ORZHU UHVLGXDO VWUHVVHV $W WKH VDPH WLPH ZLWK
LQFUHDVLQJGHSWKRIFXWWKHUHVLGXDOVWUHVVHVGHFUHDVHVE\39'
,WLVNQRZQWKDWGHSWKRIFXWLVWKHSUHGRPLQDQWIDFWRURQ
FXWWLQJ IRUFH ZLWK LQFUHDVLQJ GHSWK RI FXW WKH HIIHFW RI
PHFKDQLFDOORDGVLVUHPDUNDEOHWKHUHIRUHKLJKHUFRPSUHVVLYH
UHVLGXDOVWUHVVHVDUHJHQHUDWHG
,W FDQ EHHQ VHHQ WKDW VPDOOHU QRVH UDGLXV WRRO JHQHUDWHV
ORZHUUHVLGXDOVXUIDFHVWUHVVHVRUKLJKHUFRPSUHVVLYHUHVLGXDO
VWUHVVHV E\ FRQWUDVW GLIIHUHQW QRVH UDGLXV WRROV 7KH UHVLGXDO
VXUIDFHVWUHVVHVJHQHUDWHGE\39'DFFRUGLQJWRWKHFXWWLQJ
SDUDPHWHUVDUHORZHULQDYHUDJHYDOXHVDVFRPSDUHGWR39'
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HVSHFLDOO\IRU WKHUHVLGXDOD[LDOVXUIDFHVWUHVVHV7KHIDFW
WKDW DOO WKH D[LDO VXUIDFH UHVLGXDO VWUHVVHV DUH FRPSUHVVLYH
VKRXOG EH QRWHZRUWK\7KH UHVLGXDO VWUHVVHV LV SHUIHFW DW WKH
VSHHGRIPPLQIHHGUDWHRIPPUHYGHSWKRIFXWRI
PPZLWK39' WKURXJK WKHDQDO\VLVRIDYHUDJH UHVSRQVH




7KLUG:DYH $GYDQW(GJH VRIWZDUH DV VKRZQ LQ )LJ  7KH
FRPSDULVRQ RI UHVLGXDO VWUHVVHV EHWZHHQ H[SHULPHQW DQG
VLPXODWLRQ ZKHQ PDFKLQLQJ ZLWK GLIIHUHQW FRDWHG WRROV DQG
QRVHUDGLLPPPPPPLQPPUHYPPLV
VKRZQ LQ7DEOH 7KH VLPXODWLRQ LQGLFDWHV WKDW WKH UHVLGXDO
VWUHVVHVDUHORZHUZKHQWXUQLQJZLWKVPDOOHUQRVHUDGLXVWRROV
8QGHU WKH FLUFXPVWDQFHV RI FXWWLQJ ZLWK 39' WKH
WHPSHUDWXUHRIFXWWLQJ]RQHLVćZKLFKLVORZHU
WKDQ WKH FDVH RI FXWWLQJ ZLWK 39' DQG WKH FXWWLQJ IRUFH
UHGXFHVE\7KHORZHUUHVLGXDOVWUHVVHVZKHQPDFKLQLQJ
VPDOOHU QRVH UDGLXV WRRO LOOXVWUDWHV WKDW WKHUPDO ORDGV SDO\ D
GRPLQDQW UROH LQ JHQHUDWLRQ RI UHVLGXDO VWUHVVHV WKURXJK WKH
HIIHFWVRIPHFKDQLFDOORDGVDQGWKHUPDOORDGV7KHUHVXOWVDOVR









 12 12 39' 39'
([SHULPHQW03D    
6LPXODWLRQ03D    
(UURU    
&RQFOXVLRQV
7KLVLQYHVWLJDWLRQDQDO\VHVWKHLQIOXHQFHRIGLIIHUHQWFRDWHG
PDWHULDOV QRVH UDGLL DQG FXWWLQJ SDUDPHWHUV RQ WKH UHVLGXDO
VWUHVVHV7KHILQLWHHOHPHQWPRGHOVDUHSURSRVHGWRH[SODLQWKH
GLIIHUHQFH RI UHVLGXDO VWUHVVHV RQ FRDWHG PDWHULDOV DQG QRVH
UDGLL5HVXOWVRIWKLVVWXG\FDQEHVXPPDUL]HGDVIROORZV
 7KHDYHUDJHYDOXHRIUHVLGXDOVXUIDFHVWUHVVHVFDXVHGE\
12 DFFRUGLQJ WR WKH FXWWLQJ SDUDPHWHUV DUH KLJKHU




RI ,QFRQHO  39' FRDWHG WRRO LV D EHWWHU FKRLFH IRU
UHVLGXDOVWUHVVHVZKLFKLPSURYHWKHIDWLJXHOLIHRISDUWV
 0HFKDQLFDO ORDGV DQG WKHUPDO ORDGV KDYH D VLJQLILFDQW
HIIHFWRQUHVLGXDOVWUHVVHVE\ WKHILQLWHHOHPHQWPRGHOV
EXW WKHUPDO ORDGV SOD\ D GRPLQDQW UROH 7KH UHVXOWV RI
SURSRVHG PRGHOV DOVR VKRZ WKDW KLJKHU WHPSHUDWXUH RI
FXWWLQJ ]RQH LQGXFH KLJKHU WHQVLOH UHVLGXDO VWUHVVHV RU
ORZHUFRPSUHVVLYHVWUHVVHV
 7KHWXUQLQJSURJUHVVZLWKVPDOOQRVHUDGLXVWRROUHVXOWVLQ
ORZHU WHQVLOH UHVLGXDO VWUHVVHV RU KLJKHU FRPSUHVVLYH
UHVLGXDOVWUHVVHVHVSHFLDOO\ZKHQPDFKLQLQJ,QFRQHO
ZLWK39'FRDWHGWRRO
 $QDO\VLV RI DYHUDJH UHVSRQVH WUHQGV VXJJHVW WKDW ILQLVK
WXUQLQJ,QFRQHOZLWK39'FRDWHGWRROQRVHUDGLXV
PPDWFXWWLQJVSHHGRIPPLQIHHGUDWHRIPPUHY
GHSWK RI FXW RI PP ZLOO UHVXOW LQ PLQLPXP WHQVLOH
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